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(54) GALUUM NITRIDE COMPOUND SEMICONDUCTOR LASER DIODE 

(57)Abstract: 

PURPOSE: To red uce the threshold current of laser oscillation by forming 
an active layer of a gallium nitride compound semiconductor which shows 
Si-added conductivity. 

CONSTITUTION: An AIN layer 2 Is formed on a sapphire substrate 1 by 
supplying trimethyl aluminum (TMA) and NH3. Next, Si-added n-type GaN 
layer 3 (n+ layer) is grown by stopping the supply of only TMA and 
supplying trimethyl gallium (TMG) and Sift. Next, an unadded AI0.1Ga0.9 N 
layer 4 (n layer) is formed in the part which is not asked with Si02 by 
supplying TMA and TMG. Next an Si-added GaN layer 5 (active layer) is 
grown by supplying TMG and SiH4. Thus, since the active layer is formed 
of an Si-added gallium nitride compound semiconductor (AlxGa1-x)y Inl- 
yN (0<x<1, 0<y<1) which shows n-type conductivity, light emission 
efficiency can be enhanced and a threshold current can be reduced. 





LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 



http://www1 9.ipdl.inpit.go jp/PAl /result/detail/main/wAAA1 1 ayl sDA407297494P1 .htm 2007/05/1 8 



JP.07-297494.A [CLAIMS] 



1/1 ^— V 





* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



. . . L J J jt t j ;l I rmtmnm-r.v.'^'W.vr.-.'.vK-m'.-im , -t- , , ^ ^ ^ ^ ^ ^ ^ 

[Claim(s)] 

[Claim 1] In the laser diode which consists of the gallium nitride system compound semiconductor (AlxGa 1-x) (yIn1-yN:0 
<=x <=1, 0<=y<=1) of the double heteroj unction structure which sandwiched the barrier layer in the layer which has bigger 
forbidden-band width efface than the forbidden-band width efface said barrier layer The gallium nitride system compound 
semiconductor laser diode characterized by forming with the gallium nitride system compound semiconductor (AlxGa 1-x) 
(yIn1-yN:0 <=x <=1. 0<=y<=1) in which the n-type conduction nature by which Si was added is shown. 



[Translation done.] 
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DETAILED DESCRIPTION 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the laser aiming at the fall of an oscillation threshold current 
about visible single wavelength and the semiconductor laser diode which can emit light in the ultraviolet radiation field from 
a blue field to a purple field especially. 
[0002] 

[Description of the Prior Art] Conventionally, the laser diode of a publication is proposed by JP,4-242985A The laser 
diode is produced by the gallium nitride system compound semiconductor (AlxGa 1-x) (yInl-yN:0 <=x <=1, 0<=y<=lX and 
the additive-free layer of an impurity is used for the barrier layer. 
[0003] 

[Problem(s) to be Solved by the Invention] For this reason, the luminous efficiency between bands is bad and there is a 
problenn that the threshold current of laser oscillation is high. 

[0004] The place which accomplishes this invention in order to solve the above-mentioned technical problem, and is made 

into the purpose is reducing the threshold current of laser oscillation. 

[0005] 

[Means for Solving the Problem] In the laser diode which consists of the gallium nitride system compound semiconductor 
(AlxGa 1-x) (yIn1-yN:0 <=x <=1. 0<=y<=1) of the double heterojunction structure where the configuration of invention for 
solving the above-mentioned problem sandwiched the barrier layer in the layer which has bigger forbidden-band width of 
face than the forbidden-band width efface It is characterized by forming with the gallium nitride system compound 
semiconductor (AlxGa 1-x) (yIn1-yN:0 <=x <=1. 0<=y<=1) in which the n-type conduction nature by which Si was added in 
the barrier layer is shown. 
[0006] 

[Function and Effect] Since it formed with the gallium nitride system compound semiconductor (AlxGa 1-x) (yIn1-yN:0 <=x 
<=1, 0<=y<=1) in which the n-type conduction nature by which Si was added in the barrier layer is shown, the luminous 
efficiency of a barrier layer was able to be raised and the threshold current of an oscillation was able to be reduced 
[0007] 

[Example] Hereafter, this invention is explained based on a concrete example. 

[0008] Drawing 1 is the sectional view having shown the structure of a semiconductor laser diode where silicon on 
sapphire was used. In drawing 1 , the silicon on sapphire 1 which makes a field (0001) a crystal growth side is installed in 
the crystal growth section of crystal growth equipment after organic washing. After evacuation, hydrogen is supplied and 
the temperature up of the growth furnace is carried out to about 1200 degrees C. The hydrocarbon system gas which had 
adhered to the front face of silicon on sapphire 1 by this is removed to some extent. 

[0009] Next, temperature of silicon on sapphire 1 The temperature is lowered to about 400 degrees C, and it is 
trimethylaluminum (TMA). And ammonia (NH3) AIM which supplies and has about 50nm thickness on silicon on sapphire 1 
A layer 2 is formed. 

[0010] Next, TMA A stop and substrate temperature are raised only for supply to 1 150 degrees 0. and it is 
trimethylgallium (TMG). And silane (SiH4) It supplies and is the Si addition n mold GaN. A layer 3 (n+ layer) is grown up. 
[001 1] A wafer is taken out from a growth furnace and it is once GaN. After carrying out the mask of a part of front face 
of a layer 3 by Si02, it returns to a growth furnace again and evacuation is carried out, and they are hydrogen and NH3. It 
supplies and a temperature up is carried out to 1150 degrees C. 

[0012] Next, TMA And TMG It supplies and is Si02. It is thickness to the part by which a mask is not carried out. 0.5- 
micrometer additive-free aluminumO.1 Ga0.9N A layer 4 (n layers) is formed. 

[0013] Next TMG It reaches, a silane (SiH4) is supplied and it is the thickness of silicon (Si) addition. The 0.4-micrometer 
GaN layer 5 (barrier layer) is grown up. 

[0014] Next, TMA and TMG And Cp2Mg It supplies and is thickness 0.5. aluminumO.lGaO.9N of magnesium addition of mum 
A layer 6 (p layers) is formed. Next, fluoric acid system etchant removes Si02 used as a mask. 

[0015] next, atuminumO.1 Ga0.9N a layer 6 (p layers) top — SiO two-layer — aluminum0.1Ga0.9N which opens aperture 7A 
1mm long and in the shape of [ 50 micrometers wide ] a strip of paper, and is moved to a vacuum chamber and by which 
magnesium was added after depositing 7 Electron-beam-irradiation processing is performed in a layer 6 (p layers) the 
following condition. By the exposure of this electron ray, it is aluminumO.1 Ga0.9N. The layer 6 (p layers) showed p mold 
conduction. 
[0016] 
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[Table 1] 
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[0017] Next, aluminum0.1Ga0.9N The part of aperture 7A of a layer 6 (p layers), and GaN Metal electrodes 8A and 8B are 
formed in a layer 3 (n+ layer), respectively. 

[0018] Thus, the laser diode was created. This laser diode is GaN. Compared with what made the layer 5 (barrier layer) 
additive-free, the oscillation threshold current fell to 90%. 

[0019] In addition, although silicon on sapphire 1 is used in the above-mentioned example, they are a silicon substrate, 6 
H-SiC substrate, and GaN. A substrate may be used. 



[Translation done.] 
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^ NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The sectional view having shown the configuration of the system semiconductor laser diode concerning one 
concrete example of this invention produced on silicon on sapphire (AlxGa 1-x) (yIn1-yN:0 <=x <=1, 0<=y<=1). 
[Description of Notations] 

1 — Field (0001) substrate of sapphire 

2 — AIN Buffer coat 

3 — GaN Layer (n+ layer) 

4 — aluminumO.1GaO.9N Layer (n layers) 

5 — GaN Layer (barrier layer) 

6 — aluminumO.1 Ga0.9N Layer (p layers) 

7 — SiO two-layer 
8A, 8B — Electrode 



[Translation done.] 
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